TOPIC 3 Exchange 
Gas Exchange 
Pack 2 


A Level Yr1/AS 


2. 


There are many different species of annelid worm. Some are very small, only a few millimetres 
in length. Others, such as lugworms, are much larger. The drawing shows a lugworm and part of 
one of its gills. 






Direction of 


blood flow 


(a) Smaller species of annelid do not have gills. Explain why these small worms do not need 
gills to obtain sufficient oxygen. 


(2) 


(b) In many of the lugworm gills, the blood flows in the opposite direction to the current of 
water passing over them. Explain the advantage of this arrangement. 


(2) 


(c) Explain two ways, other than that described in part (b), in which the structure of a 
lugworm gill is adapted for efficient gas exchange. 


İla eee Recess bien le ee lem le th a this se EEE EEEE ie 
Meme şaş A dad EE ye el e ne Re paşa yaş li ees 
2 
(d) Explain why water is always lost from the gas exchange surfaces of terrestrial organisms. 
(2) 


The table shows the ratio of the amount of water lost to the amount of oxygen gained for two 
terrestrial animals, an annelid worm and an insect. 


Organism m Massof waterlost/mgg' minute’ 
atio 
Volumeof oxygertakemp/cm’ g ' minute’ 








(e) Both the annelid and the insect take up oxygen at a rate of 2.5 cm? g' minute | Calculate 
the rate at which water would be lost in meeting these requirements in: 


(i) the annelid; 


Answer....................... mg g! minute | 


(ii) o the insect. 


Answer........................ mg g! minute | 
(2) 
(© Give two explanations as to why the rate of water loss during gas exchange is very low in 
most insects. 
İski enh etects deh eet ntl a lien glans akide aie cee 
Decl eel ağar eceli rail il en beğ Lt flue, 8G val bs ll Sülale işlere labelanz e Hazel açe bilek liğe de 
(4) 


(g) Annelids like the lugworm have blood which contains haemoglobin. The graph shows the 
oxygen dissociation curves for lugworm haemoglobin and for human haemoglobin. 
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(i) O During exercise, the rate of respiration of muscle cells increases. Explain what 
causes human haemoglobin to unload more oxygen to these cells. 


(4) 
Gi) The lugworm lives in a burrow in the sand on the seashore. When the tide is out, 
water bringing a fresh supply of oxygen no longer flows through the burrow. 
Suggest how the lugworm’s haemoglobin allows it to survive in these conditions. 
(2) 
(Total 20 marks) 


4. In an investigation, a locust was given alternating supplies of atmospheric air and pure 
carbon dioxide. The rate of pumping movements of the insect’s abdomen was measured. 
The graph shows the results. 

Carbon dioxide 
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pumping 
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Time / minutes 


(a) Explain what caused 


(i) the rise in the rate of abdominal pumping movements between 1.5 and 2.0 minutes, 


(1) 
(ii) the fall in the rate of abdominal pumping movements between 2.0 and 3.0 minutes. 
(2) 
(b) The rate of abdominal pumping movements increases between 3.0 and 3.5 minutes. 
Suggest the advantage of this change to the locust. 
(1) 
(Total 4 marks) 


6. The drawing shows some tracheoles that carry air to a muscle fibre in an insect. 
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(a) (i) Explain how the structure of the gas exchange system of an insect ensures that 
there is a large surface area for gas exchange. 


(1) 
(ii) | Describe one way in which the transport of oxygen to a muscle in an insect is 
different from that in a fish. 
(1) 
(b) The diameter of the tracheole at point A is 20 um. Calculate the magnification of the 
drawing. Show your working. 
Answer masnica — İsimli sake melezi yele e EEEO EEEE N E EENE ağla less 
(2) 
(c) Breathing movements can bring about the mass flow of air as far as point B. What causes 
the diffusion of oxygen molecules from B into a muscle fibre? 
(1) 


(Total 5 marks) 


(a) | Describe how muscles in the thorax (chest) cause air to enter the lungs during breathing. 


(3) 


(b) 


An athlete exercised at different rates on an exercise bicycle. The table shows the effects 
of exercise rate on his breathing rate and tidal volume. 


breaths minute! dm? 





(i) The athlete cycled at the particular exercise rate for 5 minutes before the relevant 
readings were taken. Explain why the readings were taken only after the athlete had 
been cycling for 5 minutes. 


(1) 
Gi) Calculate the total volume of air taken into the lungs in one minute at an exercise 
rate of 120 arbitrary units. 
Volüme:Of Al = m am m Ay ATAA AARS eRT 
(1) 
Gü) Give two conclusions that can be drawn from the figures in the table. 
a ame sella aze EERE EELS TREES EERE 
D AIEA OEE E E O AA ASE cuaied ales SAAE ES 
(2) 


(Total 7 marks) 


10. 


The electron micrograph shows a section through a fish gill. The directions of flow of water and 
of blood are indicated by arrows. 
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Source: www.ucdavis.edu/mjguinan 


(a) Calculate the minimum distance that a molecule of oxygen would have to travel from the 
water to a red blood cell. Give your answer in micrometres and show your working. 


AMS WED saian sade na da Başdaş um. 


2 


(b) Explain how the relationship between the direction of flow of water and of blood shown 
in the micrograph is useful to a fish. 


(3) 
(Total 5 marks) 


12. A person was sitting at rest and breathing normally. A recording was made of the changes in the 
volume of air in his lungs over a ten-second period. The diagram shows this recording. 


Volume 


Time /s 


(a) Describe the part played by muscles in bringing about the change between 3 and 4 
seconds. 


(1) 


(b) | Describe how an increase in lung volume leads to air entering the lungs. 


(1) 


(c) () Give the equation which represents Fick’s law. 


(1) 


(ii) | Use Fick’s law to explain how breathing helps to ensure efficient gas exchange. 


(2) 
(Total 5 marks) 


14. Fick'slaw shows how some factors affect the rate of diffusion. 


surface area x differencein concentraton 


Rate of diffusion is proportional to thickness of exchangesurface 


(a) Describe one adaptation of the alveolar epithelium which allows efficient diffusion. 


(1) 
(b) Emphysema is a condition in which the walls between the alveoli break down and enlarge 


the air spaces. The blood of a person with emphysema contains a higher concentration of 
carbon dioxide than the blood of a healthy person. Use Fick’s law to explain why. 


(2) 


(c) The table shows some measurements made on people living at two different altitudes. 


Altitude/m Concentration of oxygen | Number of red 
in blood in arteries/ blood cells in 
cm? per 100 cm? 1 mm? of blood 





(i) Oo The concentration of oxygen in the blood in the arteries of people living at 3700m 
is higher than in the arteries of people living at 150 m. Use the information in the 
table to explain why. 


(2) 
Gi) People who move from low to high altitude are often breathless at first. 
Suggest why this breathlessness disappears after living at high altitude for several 
weeks. 
(2) 


(Total 7 marks) 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


(g) 


Large surface area: volume ratio; 
meet requirements by diffusion (over body surface); 2 


Maintains a concentration gradient; 
(allowing diffusion of oxygen) across width of gill; 2 


Large surface area for diffusion / O; uptake / gaseous exchange; 


short diffusion path; 
highly vascularised / many blood capillaries for O; transport; max 2 


Gas exchange surfaces are permeable (to small molecules); 
higher concentration of water molecules inside animal than out / 


w gradient; 

water will diffuse outwards / evaporation; max 2 
G) 6.53/6.25/6.5; (2.61 x 2.5) 

Gi) Oo 0.28 / 0.275 / 0.3; (0.11 x 2.5) 


Both answers correct — 2 marks 
error in calculation but clearly shows answer 
obtained by multiplying figures — 1 mark 2 


EITHER 
Reference to spiracles; 
limits exposure of respiratory surface / can close spiracles; 


OR 


sunken spiracles / hair round spiracles; 
trapping moist air; 


OR 


trachea cuticle lined; 
only lose water through tracheoles; 


OR 


trachea / tracheoles inside; 
limiting exposure of respiratory surface; max 4 


(i) Partial pressure on oxygen in muscle falls more; 
high / more carbon dioxide produced; 
lowers PH; 
increase in temperature; 
percentage saturation of Hb falls / lowers affinity / 
increase dissociation; 
displaces curve to right / results in Bohr shift; max 4 


(ii) In absence of oxygen / low partial pressure of oxygen in tissues / 
oxygen still used in respiration; 
haemoglobin acts as an oxygen store; 
releases (large amount of) oxygen when low level in tissues; max 2 


(a) 


(b) 


(a) 


(b) 


(c) 


(a) 


(b) 


(i)  high/higher CO, concentration / lack of oxygen; 


Gi) CO; asphyxiates / is toxic; 
lack of oxygen for (aerobic) respiration; 
lack of energy / ATP (for pumping movements); 
reduced muscle function / muscle fatigue 


removal of (excess) CO) / oxygen to break down lactate / to repay oxygen 
debt/to enable aerobic respiration; 


(i) Many, small/ branching tracheoles; 


Gi) Blood not involved in transport of respiratory gases in insects; 


Correct answer (ignoring working) 600x =2 marks;; 

Answer correct for candidate’s R = 1 mark; 

Candidate clearly derives answer by dividing measured diameter by actual 
size = | mark; 


Higher concentration of oxygen at S than in muscle; 
[Not just concentration gradient: direction of gradient must be clear] 


Diaphragm/intercostal muscles contract; 

Increases volume of thorax/chest/lungs; 

Negative/lower pressure in lungs; 

[[gnore: references to internal and external intercostal muscles | 


(i) Allows stabilisation/becomes steady/adapts; 
(ii) 41.7 (dm*litres); 


Gü) Tidal volume increases steadily then levels out; 
Breathing rate changes little until highest exercise rate/180 reached 
then increases; 
[Note: Consider giving credit to answers where a specific part of the 
range is defined and described accurately] 


2 max 


[4] 


[5] 


[7] 


10. 


12. 


14. 


(a) 


(b) 


(a) 


(b) 


(c) 


(a) 


(b) 


(c) 


10 1 
— x measurment/ — x measuremert ; 
20 2 


= 1.25 to 1.5; 
allow I mark if correct working shown 


Maintains concentration gradient (over whole length of gill) / diffusion can 
occur over whole gill; 
More oxygen enters blood (/ more CO, leaves); 


More (aerobic) respiration / more energy release in muscle / for swimming; 
‘more’ needed ONCE only 


Muscles (associated with breathing) relax; 
Produces lower pressure (and air moves in down pressure gradient); 


(Surfacearea x Differencein concetraton/Cn.Gradiet 





(i) Rate of diffusion « /= ; 
i Thickness(of exchangesurface) 


(ii) Rate of diffusion is proportional to concentration gradient / difference in 
concentration; 
Breathing changes air / maintains gradient; 


Thin / single layer of cells / large surface area; 
Do not accept references to ‘moist surface’. 


Smaller surface area; 

For diffusion of carbon dioxide from blood / into lungs / 
diffusion slower; 

Reject second point if answer referring to oxygen only. 


(i) Oo Greater concentration / number of red blood cells; 
More haemoglobin (to carry oxygen); 


Gi) (For the body to produce) more red blood cells; 
Link established between red blood cells and transport of oxygen; 


max 2 


[5] 


[5] 


[7] 


